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f. Introductinn 

A variety of military systems employ multiple antenna apertures on a single platform such as a ship or an 
aircraft. In order to reduce cost and improve performance characteristics such as Kadar Cross Section, it is 
desirable to combine multiple functions into a single aperture. Wide (10:1) bandwidth phased array 
antennas are needed to accomplish this goal. The current state of the art of broadband phased arrays is 
approximately 3: J bandwidtii which is not adequate to suppon a wide range of applications such 35 
RADAR, satellite communications, and electronic counter measures. 

To satisfy multi-mission role.s from a single aperture over a 10:1 bandwidth requires an array that can be 
quickly reconfigured to operate efficiently over sub-bands corresponding to the various application 
frequenctcs. Array reconfigurabJility includes the abiliry to seleci operating frequency bands for the 
radiating clctiicnis ami iccimrigutc the aperture illumiuriiitin funcMion with elw'tronic control of the feed 
netwoik in order to create any required radiation pattern. The goat of this research is to develop and 
demonstrate a grating lobe free REConfjgurable APerlure Decade Bandwidth phased .ARray (RECAP 
DDAR) using control devices. Because of their small size and superior electrical characteristics, MHMS 
(Micro Electro Mechanical Systems) switches are the device of choice 11]. This paper addresses the array 
architecture and the design of a radiating apciturc that may he reconfigured to provide a tunable phased 
array with an cfTcctivc 10: 1 operating frequency bandwidth. An array design based on a TbM horn with a 
swiichablc ground plane is used to illustrate the important concepts. We discuss a canonical array design to 
cover a 60^ conical scan volume over the 2-20 GHz frequency band. 

11. Array Architeclure 

A decade bandwidth array imposes i^niqtie requirements thai are noi usually encountered in h narrow band 
design. The most fundamental array constr^iint is lattice spacing, which is limited to one-half wavelength at 
the highest frequency (^ii/2) in order to avoid the appeanuicc of grating lobes. Consequently, the lanice 
spacing at the lowest operating frequency is reduced to approxjmarelyA./20. In a typical active arra> design 
each radiating clement is driven by a T/R module, which includes a phase shifter, GaAs FET amplifier, low 
noise receiver aiid circulators to isolate transmit and receive channels. New array archiiecrures are needed 
because it impractical lo package 10:1 bandwidth components into SiX^yQ unit cell. 

Figufc I fthi.siraies- fwti po.^fb}c <lt;ca<fe bandwidth arr^y aichitcclifrcs. Both of these concepts trei<( a group 
of radiating elements at the low neqiieiicy hand as a singlewrrwfi/ elemtrnt . Tlie xwiichnJ fif.MJ architecture 
relies upon a broadband switch at each radiating clement to select between a high and low frequency feed 
network. Each feed uses reduced bandwidth componcnt.s (--J I)* and it is feasible to package fhe low 
frequency electronics behind the high frequency manifold in order to reduce congestion. However, this 
architecture is limited to dual band operation due to packaging constraints. 

Figure lb mtroduccs the virtual element feed architecture in which the array is built in layers corresponding 
to frequency bands. The illustration shows a tfircc-band configuration. Note that the same transmission line 
inhrastmcturc is used for all bands, but components arc subdivided into smaller bandwidth (2:1 ) units. The 
T/R modules arc designed to pass out of band signals using cither switches or fdtcrs The high frequency 
band components axe near fhe radiating aperture while larger low frequency components arc located in the 
sparsely populated region near the input. This reduces ciraiit congestion near the radiating aperture where 
the X||/2 clen>cnt spacing imposes a constraint. The archi lecture can be extended to 2-D arrays by using a 
hybrid slat/tile construction. In the 2-D case, the second tier components control a 2x2 vinual element, the 
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lliiiJ Itui 3 4>A xinuii] cieincijl. cu. AUIiuu^h tlic U^tai iiuriiKj of coiiip<irtciu.s t:tcalci Chan in 
conventional amiv archilccnirc, each pan is less expensive diir lo the smaller b;indwidfh and greater 
available packaging volume This architecture alst» offcii^ ihc poicniia! for a high insianianeous bandwidth 
feed. For example, if switched line phase shifters are used for the low frequency band, rhcv may alto 
fuiiclioii as true lime delay units for ihc hiijltcrr fiequeiicy baiid^. 

III. Kecunlij^uratjle Apertures 

Array radiating elciiienls inay be broadly classified as follow^: (a) traveling wave structures, wliicli ladiatc 
!n the forward direction, and <b) hi-directiona] structures, which require n r:r«wnd plane to control the 
backward radiation. Traveling wave !;tructurr.s inciudc tapered .slot -Vivaldi" antennas of various 
configurations and 'bunny car" [2] elemenis. Bi-direciional elements include dipoles. slots, and planar 
self-cuniplenienlar>' elements sucli as spirals. TEM hom^ are not strictly traveling wave structures but do 
exhibit predominantly foi^vard radiation over a bioadband of operation Several of these elemenis have 
been investigated for the RFCAF^ arra>. The Vivaldi t>T»c radiator has the advantages of noi requiring a 
backing ground plane, wide bandwidth, and amenable lo dual polarizarion packaging. ReconHgurble 
muhijiridded CP spirdls have been considered, but sUc constraints dictated b> anay spaciiigs results in a 
much narrower eleineni bandwjdih in the aiTay enviioninent than that achievexl with isolated elements. An 
alternate planar structure is a two level dipole array consisting of two interspersed slightly greater than 3:1 
bandw idth dipulc arrays designed to yield 10:1 total bandwidth. Due lo llie resonant nature of the dipules, 
M£MS switcJics are required in the elements themselves as well as in the tunahte ground plane, which CBt\ 
be implemented cither witli multiple ground planes or high impedance (Hi-Zl surface. In this paper, one 
element and the key challenges it present5 will be highlighted, i.e., the TEM horn with reconfigurablc 
ground plane. 

Array.s of Tf^M horn anicnna.s arc capable of broadband performance {3J, (4j. However, scan blindness 
may occur when a ground plane is added behind the array lo prevent back radiaiion[5]. This blindness is 
caused by a iravclliiii: wave mode .simitai lo a parallel plate mode propa>iaiiiig beiween the hoiu plates and 
the ground plane It wa.<; previously demoasTrated that the scan bhndncjvscan he eliminated by reducing the 
length of the flare opening. However, this reduction in the snucture's physical voliune has the effect of 
supprcssin>i the low frequency performance, reducing bandwidth. A rx>ssible solution lu ll»is dilemma is lo 
ij.se a switchahle mid-wall gr<^ind plane a."? shown in figure 2. it may be c.on.sinictcd as a wire grid with 
capacitive MUMS switches at the vi'irc junctions. When the raid-wairs switches are open-cncuiied. the 
secondary ^iround plane is Uvuisparent. giving the array the depth needed fot good luw-fiequeiicy 
performance. When rtic mid-wait is short-circuited, Ihc stnictiire is .«;hallowcr, preventing the scan- 
blindness that would otherwise limit the high-frequency performance 

We have validated the concept numerically using a periodic hybrid finite element code to calculate infmitc 
array properties. The unit cell in Figure 2 is x Ah/'2. The total depth is split equally in front of and 
betimdthe mid wall. Tlie airay unit ixU structure includes a length of TEM ir^jismtssioit line leading from 
the horn apex back to the feed point jast above the primary ground plane. A.-; shown bv the graph on the 
right side of Figure 2, preliminary results indicate that the amy elements* active gain can be held to within 
1 dB of the maximum unit cell gain over a 10:1 bandwidth. 

Practical desi^rn of the TEM horn is currently under investigation. We are exploring ways lo extend low 
frequency pcrlonnancc. including tailoring flare .^ape and size in conjiinciion with a dual layer switched 
ground plane. A pix>mismg design has emerged in which horns are fabricated with an injection molded 
plasuc siAsUaie. This offers low cost manufacturing and also provides a support stniciure for the switched 
grid array that relaxes electrical requiiements fur a thin, low dielectric constant substrate. A broadband 
halun i.s needed to transition from a practical feed circuit medium, such as micro.Mrip. tciialanced twin line. 
Promising balun design concepts arc being developed and will be evaluated in the infinite ainiy model ic 
msmc that leakage or modes created by the structure do not cause a scan blindness condhioa. 

fV. Ground Plane Design 

Bi-direciionat ladtators require a broadband ground plane to operate over a decade bandwidth. Ground 
plane dcsi^s can be caicgon?xd a.s cither electric or magnetic depending whether the reflection cocrTidem 
is positive or negative. In either case, an ideal ground plane provides a coristam reflection coefficient phase 
versus frequency over tlic entire band. Bfoadband designs involve multiple layers of resonant structures 
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Previous invesiii^aiions sui»t«c>t ihat lundamcnial physical constraints such a> Fosters Rcaciancc Theorem 
liiiii( uilaiiiable bandwidth to a discrete set uf at'ailable bands. Oik- wiiy to eniiancc pciU)rinaiicc is to use 
MliMS switches in n periodic grid to adjiis- the rctleclion ^.ocllicicni phase shift Inr any dcsncii treqncucy 
hand. Numerical modclini^: sujjrcsts lhai this is frasiblc for cither clectru: or maj^netic gmiind planef; 

A swiichahk electric ground plane for the TKM honi anay may he coastrucicd using a tir.htly spaced 
(-A4|/I0) grui ol w'iref; connected hy MI:MS swiiches as ilifistratcd in l igiirc r». When the switches are 
closed, the grid funciions as a continuous electric conductor. Aliemativcly. when Ihc switches are open ihe 
wires between each junction behave as a small dipole. Thui:, an incident plane wave passes through the grid 
with a relatively small fraction of rcflc::icd power. A metallic sheet is pi ace(K/'4 beyond the switched grid, 
rcsuhinjj^ in li two-stat-.* swilL'huble «.*round plane. Plane wave scatterini: analysis of a sin^ile switched ^rid 
unit cell is used to identify the important design parameters. The j;,rid .spacing is a dominant factor in both 
ilie on and off states, while in the off uransmissivc) state the substrate thickness, dielectric constant and 
switch capacit^mce are also important. Figure 3 illustrates the configuration and computed performance for 
a Tl£M Horn grid design on a 6 mil substrate wiihe,^3. switch off state capacitance of C^lOfF and on state 
capacitance of C- lpF. Acceptable L'lo jUical pci foi inaiicc is obtained thruu^liuut both fiequency bands and 
a comfortable overlap rcgmn is provided for applir.ations that may "Straddle" tlie two available hands. The 
grid design concept described here may also be used at a building block component for a mulii layer 
broadband ground plane design. 

A more conipaci package is obtained from an anay with tnany narrowband sub-bands over the 10:1 
bandwidth. lYequcncy selectivity is dciemiined hy the need foQ giound plane a set distance away from the 
radiating clement. Tlie thumbtack high impedance electromagnetic .surface concept [t*] provides an 
innovative way to cieatc a ground plane in a thin siriiciurc. Tlic drjwhack lo ihih design is the relatively 
narrowband pcrfomiance. To use the concept tor a wideband array, this narrowband limitation must be 
overcome. Broadbanding techniques that maintain a thin profile arc being developed and analyzed with 
pcrtudie finite element codes. 

V. Conclusion 

Array antennas using MflMs swiir.hes have the pnteniial to provide reconfignrability needed to combine 
multiple functions into a single apenure. For example, a ThM horn array with swiichable ground plane has 
l>cen numerically dL-niunsi rated to provide the R£C/\P goal of a 10:1 effective bandwidth. Two different 
ground plane concepts have been cnmputanonally verified, a rellcctive/tmnsmissive ground .screen with 
integrated MEMS capaciiivc switches for the TEM horn and a modified high- impedance surface for planar 
elements. Future work involves combining the MEMS-switched ground plane consisting of substrate and 
cover layers required for environmental protection with the TEM horn niLHlcl iu the phased array code in 
order to verify that no deleterious dielectric effects arc introduced. Alst>. fmite array effects need to be 
addiessed with finite anay codes rather than the fmite element infinite array codes used thus far. 
Uliimatrly a rciconfigiirable demonstration array is planned to validate the final design concept. 
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Figure 3 TEM Horn Switclied Ground PUiae Configuration with Broadside PSS Resutl.s 
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